In 1988, NASA Climate Scientist James Hansen published the results of three model scenarios based on possible future emissions of greenhouse gases. Over the past two decades, controversy has surrounded their accuracy.
The black line represents the global temperature anomaly as calculated from meteorological stations on land. The top line is scenario A, which Hansen described as "business as usual." It did not include any volcanic eruptions, which act to cool the planet. It also included the effects of additional and poorly measured trace gases. Scenario A's greenhouse emissions increased 1.5% per year.
Scenario B is the middle graph. It included volcanic eruptions in 1995 and 2015. Of course, we don't know when volcanoes are going to erupt in the future, but we do know that they will erupt sometime. The greenhouse gas emissions grow linearly. In the 1988 paper, which was attached to his written testimony, scenario B was described as "perhaps the most plausible of the three cases." Scenario C is the bottom graph. It also includes volcanic eruptions in 1995 and 2015. The growth of the greenhouse gas emissions is also linear, although at a slightly lower rate than scenario B. After the year 2000, the growth of these gases flat lines. Hansen described this scenario as "draconian measures." So Hansen bracketed expected warming with high and low scenarios. The testimony was based on outcomes projected by scenario B.
The calculated temperature anomalies for each scenario are in relation to the model's 100 year control run, where all forcings were fixed at 1958 levels.
The control run shows that even when a scenario is "unforced," there are still substantial swings in temperature. Just as in reality, the models create natural variability due to the ebb and flow of energy between the atmosphere and ocean. These fluctuations temporarily add to or take away from warming that would occur if human forcings were the only factors driving temperature. Hansen's statement of a 1% likelihood of temperatures being as warm as those observed in 1988 without an enhanced greenhouse effect is based on the probability of an unforced control run producing a random fluctuation of temperature that high.
Hansen's forcings
Now that over 20 years have passed since these scenarios were first designed, we can compare estimates of actual forcings to what was was projected. [4] Page 4 of 15 9. Hansen's '88 Scenarios « The Global Warming Debate 7/19/2009 http://cce.890m.com/hansens-88-scenarios/ The combined forcings, shown in green, have most closely followed scenario B, shown in red. Even if Hansen had not chosen scenario B as the most plausible, the model should be judged based on the accuracy of this scenario, since the forcings that went into it most closely match reality.
Regional changes[5]
Hansen's 1988 paper provides regional projections for the 1990s. In his written testimony, he says that climate models are "not yet sufficiently realistic to provide reliable predictions of the impact of greenhouse warming on detailed regional climate patterns" but that "such studies help focus the work needed to develop improved climate models and to analyze observed climate change." Above are the modeled anomalies for scenario B during the '90s. Red areas are warmer than the average temperature during the control run, and blue areas are colder than the control run. In contrast, the observed anomalies are in relation to the 1951 to 1980 mean. The intensity of the colors has not been made consistent between the model results and the observations, so bear that in mind. Also note that the grey areas in the observations indicate that there are no thermometers in those regions so we cannot calculate the anomaly.
In general we can conclude that scenario B did a reasonable job forecasting the climate during the 1990s, although many details do not match. This is for two reasons. The first is due to natural variability, which the model does not attempt to predict. More significantly, other differences are due to shortcomings of the model, especially those relating to the simplified ocean.
Most of the warming is over land, and thus most of it is over the northern hemisphere. In the southern hemisphere, the strongest anomalies are on the Antarctic Peninsula. However, the interior of Antarctica Page 6 of 15 9. Hansen's '88 Scenarios « The Global Warming Debate 7/19/2009 http://cce.890m.com/hansens-88-scenarios/ cooled slightly, which is a definite shortcoming of the model, which we will discuss in an upcoming section.
For the northern hemisphere winter (Dec-Jan-Feb), our conclusions are much the same. The strongest anomalies are over northern hemisphere continents, although there was cooling in the Arctic Ocean and the waters to the west of Greenland due to changes in the North Atlantic Oscillation. Finally is the Northern Hemisphere summer (June-July-Aug), which shows the strongest anomalies near the Antarctic Peninsula and on the perimeter of Antarctica. Hansen had noted the tendency for the models to predict increased temperatures in the Southeast United States during the summer, but only a slight warming was observed.
Clearly, these results are far from perfect, but they match the general predictions of anthropogenic global warming.
Temperature anomalies from 1984 to 2007[6]
For these scenarios, the dividing line between the past and the future was in 1984. We now have 24 years of observations to compare to the "future" scenarios. We can conclude that although scenario B matches warming over land, it exceeds warming over the land and ocean by about 21%. However, given natural variability, this is still within the expected range. Over longer time periods, we would expect the model to overestimate warming due to its calculated climate sensitivity of 4.2 °, which is higher than our current best estimate of ~3 °.
"21% is a lot!"
Is a 21% overestimate from 1984 and 2007 "a lot"? And does this conclusion change if we compare scenario B to the other analyses of temperature?
As mentioned in section 4, skeptics consider the satellite measurements of the lower troposphere to be the most accurate method of measuring global temperatures. Recall that the UAH satellite temperature series, long used by skeptics to "prove" that little or no warming was occurring, corrected an error in 2005 that 9. Hansen's '88 Scenarios « The Global Warming Debate 7/19/2009 http://cce.890m.com/hansens-88-scenarios/ resulted in a 40% increase in the calculated warming trend. Significance is in the eye of the beholder.
How well does Scenario B agree with each temperature analysis as of January 2008? [7] *Rate of warming for each temperature series based on monthly data. Rate of warming for Scenario B based on annual averages. **Apparent discrepancies are due to rounding.
Of all the analyses, the closest to scenario B is the RSS satellite analysis, with Hansen's scenario overshooting observed warming by 6%. As in section 4, the UAH satellite analysis shows the least amount of warming.
Patrick Michaels' 1998 testimony
Ten years after Hansen presented his scenarios, Pat Michaels testified before Congress. Pat Michaels is the former "Virginia State Climatologist" and a CATO institute fellow, a libertarian think tank. Whenever a talk show involves global warming contrarians debating the issues, he is the one you are most likely to see. However, he now admits that global warming is a real problem but we should avoid government regulation.
In 1998, he testified before the House Committee on Small Business, and he made these statements: [8] Hansen 's model predicted that global temperature between 1988 and 1997 He looked at only scenario A, and ignored the other two scenarios. He then compared the modeled 1988 and 1997 to the IPCC's official measurements for 1988 and 1997, even though models do not attempt to predict the temperature anomalies for specific years. [9] As we've shown, a more valid comparison is to compute the rate of warming for both observations and model results over a sufficiently long length of time. Ten years after Pat Michaels testimony, we know that the rate of warming for scenario B and land-based measurements since 1984 are virtually identical. Compared to land-ocean measurements, which wasn't even the original comparison, scenario B calculated 6 to 22% more warming than observed, depending on the analysis. Expressed in Michaels' terms, the warming was between 1.06 and 1.22 times less than predicted. Put yet another way, the actual error over the last 24 years is more than 3 times less than what Michaels alleged back in 1998. He was a non-practicing medical doctor. In State of Fear, Crichton writes about power-mad activists who have concocted global warming as a means to further their own agenda. In his afterword, Crichton concludes that global warming is eugenics revisited (see the Introduction, and section 11 for the refutation).
Science fiction vs. science
On the merits of this book, he was invited by Senator James Inhofe (R-Oklahoma), then chairman of the Senate Environment and Public Works Committee, to testify before Congress. In his testimony, he used the occasion to blast the Hockey Stick (see section 5) and the IPCC. [10] For State of Fear, Crichton received the American Association of Petroleum Geologists "Geosciences in Media Award" for "notable journalistic achievement in any medium which contributes to public understanding of geology, energy resources, or the technology of oil and gas exploration." [11] According to the AAPG's communications director, "State of Fear is fiction, but it has the absolute ring of truth." [12] President Bush liked the book so much he met with Crichton. According to commentator Fred Barnes, "the president 'avidly read' the novel and met the author after Karl Rove arranged it" and that Bush talked with Crichton "for an hour and were in near-total agreement." [13] In the introduction it says that despite being a work of fiction, "references to real people, institutions, and organizations that are documented in footnotes are accurate. Footnotes are real." [14] So he's holding himself to a high standard, and Congress, petroleum geologists, and the President seem to agree. Crichton provides a citation to a paper of Hansen's from the Proceedings of the ational Academy of Sciences (PNAS). When one character starts to object, the hero says, "Stop quibbling. He said it."
State of distortion
In fact, he said it in 1988. As we recall from Hansen's testimony, "We have considered several scenarios because there are uncertainties in the exact trace gas growth in the past and especially in the future." [16] Crichton ignored Hansen's other scenarios and then used Hansen's words calling on other scientists to use multiple scenarios in their projections to make it seem like Hansen was backpeddling. Hansen has always used multiple scenarios.
If only Crichton had read his own footnotes.
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